produced parthenogenetically by Dr. Jacques Loeb. This present paper gives further observations upon the same and additional material, with illustrations. In addition, the possible mechanism by which the diploid number of chromosomes and the two sexesmay be produced in these frogs and tadpoles will be considered.
II.
Material and Methods.
The material consists of 9 metamorphosed frogs (7 males and 2 females) and 34 tadpoles of Rana pipiens. These animals were caused to develop parthenogenetically by Dr. Jacques Loeb. The tadpoles were raised during 1919 (Loeb (1920-21) ). Only 1 of these tadpoles metamorphosed; it was 4 months old. It was a male, and died 5 months after metamorphosis. Sections of its testes contained spermatozoa, numerous tetrads, and other stages of maturation. The other tadpoles remained of approximately uniform size (55 ram. entire length); their hind legs were well developed but their forelegs never emerged. They were killed at various ages; some near normal time of metamorphosis (80 to 95 days), some in September (170 days), and some in January. The remainder died during December, January, and February and were fixed in toto by the keeper as soon as discovered. Postmortem changes had taken place in most of those that died.
Sections of adult material were prepared at various times by technicians in Dr. Loeb's laboratory. The tadpole material was fixed by the writer in BI~ (Allen (1915-16) ) and in Fleming's (strong) fluid. Sections 15~ or 16~ have been most satisfactory for obtaining uncut mitotic figures. hematoxylin.
They were stained with Heidenhain's iron III, Observations.
1. The Sex of the Tadpoles.--Of the 34 tadpoles studied, 12 were males, 2 were apparently transforming into males, 18 were true females, ~ It has been very difficult to be certain that these are definitive females and that they will not transform later into males. The difficulty is due to the fact that in the numerically predominating race (the undifferentiated race) of R. 
and 7). The obscurity of only 1 or 2 chromosomes prevents an exact count in 21 other cells of various
temporaria and R. esculenta about one-half of the gonads which have the appearance of ovaries transform after a year or two into testes (Pfliiger (I 882) , R. Hertwig (1912) and his students, Schmitt-Marcel (1908) , Kuschakewitsch (1910 ), and Witschi (1914 , b, 1921 , 1922 , 1923 -24, 1923 . In correspondence Witschi has nicely summarized this condition as follows:
"In R. eseulenta we can distinguish (about the time of metamorphosis) animals with: I. Well developed ovaries (Kuschakewitsch (1910) Fig. 91 (Kuschakewitsch's intermedigrer Typus) with 100 per cent intermediates (Kuschakewitsch (1910) p. 141). Only about half of these develop later on by sex transformation into males (Kuschakewitsch (1910) p. 144, 145) . This transformation takes place as a rule in the first or in the second year (there is a considerable variability with regard to individual races and environment). Future females and males cannot be distinguished at the time of metamorphosis or earlier. Kuschakewitsch unfortunately uses the term Pflilgerische He'rma-tadpoles. In the remaining complexes a larger number of chromosomes is obscure. But in all the diploid number is clearly present and without any indication of the wide variations observed by Levy and Hovasse (page 7).
The number 27 is perplexing. It occurs in the gonads of 2 female tadpoles. There is no doubt about the accuracy of the count because the chromosomes (Figs. 6 and 7) are well separated, in uncut cells and the same count has been made repeatedly by several competent observers. However, in 1 of the tadpoles containing the 27 chromosome group and in 2 other individuals there are groups, e.g. Fig. 5 , which strongly indicate that this is only a chance variation.
3. Chromosome Pairs.--In one tadpole mitosis (Fig. 2 ) nearly all the chromosomes are in such a position that those which appear to be the two ~embers of a pair lie side by side. Goldschmidt (1919-21) shows a similar condition in a remarkable and unusual single prophase in phroditen (p. 152) instead of intermediates in describing the further development in female direction.
In R. temporaria the same local races a and b occur, but the differences in the ovaries are not very remarkable. It is, therefore, not possible to distinguish females (Type 1) and intermediates (Type 2). All individuals with ovaries must be classified as females. Thus Schmitt-Marcel is right concerning his females and the time of sex transformation.
But unfortunately he causes confusion by using the term intermediiire instead of hermaphrodites." Schmitt-Marcel describes some transformations beginning about 1 month (ca. 70 days old) and others as late as 16 months after metamorphosis.
That the gonads of Loeb's parthenogenetic tadpoles are permanent ovaries is supported by their structure in comparison with the above quoted conditions. Their structure is the same (Figs. 14 and 15) as that of Type 1 of the R. esculenta which remains permanently an ovary and is distinctly different from the intermediate gonad (Type 2 above) which transforms into a testis. The gonad (Fig.   15 ) is composed almost entirely of enlarged cells each surrounded by a follicle. It also has isolated thin peripheral patches of germ cells in early maturation stages (pachytene) and the secondary genital spaces are compressed by the enlarged cells into narrow slits lined by a thin epithelium, the sex cords. The intermediate gonad differs from the above, histologically, chiefly in the presence of a thick peripheral layer of germ cells in various early maturation stages and conspicuously fewer enlarged cells occupying the center of the gonad.
In R. temporaria the gonads which are permanent ovaries cannot be distinguished from those that transform into testes. Witschi's (1914, b, p. 41) description of these gonads (2 months after metamorphosis (ca. 100 days after the testes of an adult parthenogenetic male which he obtained from Dr. Loeb. He represents the homologues of every pair diagrammatically adjacent to one another. The condition in the numerous cells of my material indicates that such regularity in proximity of homologues is unusual. If such proximity were usual, it might lend support to the possibility that the diploid number is due to a division of the chromosomes without cytoplasmic division.
Tetrads.--(a) In Adults.
The testes of all adult males contain many spermatocytes with various other stages of spermatogenesis and many spermatozoa. A careful detailed study of these stages has not been made but, as previously stated (Parmenter (1919-20) ), the tetrads ( Fig. 8 ) are in the form of complete or broken rings, quite comparable to tetrads of normal animals. Goldschmidt (1919-21) has also published figures of tetrads from the parthenogenetic male mentioned above. The number of tetrads counted in a limited number of cells is 13. There is a possibility that they may be nothing but degenerating nuclear material which has chanced to take the form of tetrads. fertilization) ) and Schmitt-Marcel's (1908, p. 528) description and text-figure of these gonads (i0 months old) agree with that of the intermediates of R. esculenta.
According to these data the ovaries of Loeb's parthenogenetic tadpoles do not agree in structure with the intermediate gonads but do agree with the structure of the permanent ovaries of R. esculenta, in which there is no uncertainty concerning its future behavior. The fact that 50 per cent males are already present (vs. 1 to 2 years later) in these parthenogenetic tadpoles means either that the transformation of gonads into permanent ovaries and testes has already occurred or that the sexes were differentiated directly very early without transformation. The two hermaphrodites indicate the former, though they may be variations from the usual. If the latter, then no transformation is expected; if the former, any gonads destined to transform should possess the intermediate type of structure.
I am indebted to Professor W. W. Swingle for collaboration in the identification of the sex of these tadpoles.. He is certain that these ovaries are permanent ovaries.
Witschi (1923) reports that P. Hertwig has recently obtained parthenogenetic tadpoles which are partly females and partly hermaphrodites transforming into males. If these females are permanent they lend support to the above probability. Cases of adult hermaphroditism are exceptional (2 out of 500, Witschi (1923-24) and are not considered here. Tadpoles. --Another interesting condition is the presence of sperm in 3 tadpoles which died in January and February, 6 and 7 months after the normal time for metamorphosis. The sperms are relatively abundant (Figs. 9, a, b , c, and 13), and are probably immature. They are quite comparable in every respect to immature sperm of normal males. (Fig. 9, d, e) . Some earlier stages of spermiogenesis are also present. The possibility that they may be protozoan parasites has been considered. The testes are poorly developed but show no signs of postmortem changes.
Sperms in
The chief interest in this neoteny is its rare occurrence in anuran larva~, and the fact that gametogenesis is thereby shown to be independent of metamorphosis. This has also been observed by Allen (1917-18) and Hoskins (1919) in thyroidless tadpoles, and by Swingle (1920) in 2 year normal bull-frog larvae.
IV.
DISCUSSION.
1. Chance Fertilization.--The presence of the diploid number in these tadpoles and adults may seem a strong indication that fertilization has occurred and that these animals are not parthenogenetic. But the fact that large numbers of embryos and tadpoles as well as some adults have also been repeatedly produced by several Europeans, and that there are other cases of diploid parthenogenetic individuals and also the fact that none of the controls developed, make it reasonably certain that the material is actually parthenogenetic.
It has been objected that the controls are not true controls because the numbers of successful individuals obtained from each set of eggs has been so small that a chance fertilization may have taken place in the non-controls and not in the controls. That large numbers of segmentations occur only in the non-controls does not answer this objection since it is possible that only fertilized eggs may be able to produce healthy animals and that the parthenogenetic material may be non-viable. The relatively large number (65) of tadpoles successfully raised by Dr. Loeb (1920-21) in 1919 removes the above objection.
2. The Chromosome Number in Parthenogenetic Frogs and Tadpoles.--The several reports upon the chromosome number in parthenogenetic frog embryos, tadpoles, and adults are interesting especially in respect to the relation of the number of chromosomes to viability. Diploid, haploid, and variable numbers have been observed. There is some evidence that the latter two may be associated with abnormalities which are present in much of this material.
The haploid number (approximately) has been reported by Bataillon (1904 Bataillon ( , 1910 in early embryos up to 17 hours old. Dehorne (1910) obtains the same in 2 and in 8 day embryos.
The diploid number (approximately) has been reported by Brachet (1911) who found at least 20 chromosomes in an abnormal 18 day tadpole, but thought that the number might vary. Levy (1913) interprets the number to be approximately haploid in sections of 11 free swimming larvae. In 1920 (1920, a) he finds in asymmetrical and abnormal young tadpoles that the number varies from 8 to 24 in the epithelium of the tail. Only rarely does he obtain mitoses showing an exact haploid or diploid number. In abnormal tadpoles which have a curved body, he finds that the cells of the concave side of the tail are smaller than those of the convex side. On the basis of measurements and of Boveri's (1905) observations that haploid cells of sea urchins are half as large as diploid cells, he explains this abnormal curvature of these animals as due to the presence of the approximately haploid number on the concave shorter side and the diploid number on the longer side. These abnormal chromosome conditions, he believes, are the cause of mortality.
The most extensive data are presented by Hovasse (19201 1922, a and b) . He has made chromosome counts in 154 embryos and tadpoles ranging in age from a very early cleavage (4 hours) to 84 days. Most of these were early embryos; only 35 were 4 days or older and only 4 of these might have metamorphosed. 65 of these individuals were haploid, 75 were diploid, and 14 had an aberrant number.
He finds in these individuals a varying number of chromosomes; even in the 4 tadpoles near metamorphosis the number varies between 22 and 27. Levy ~1920, b) explains these variations as abnormalities caused by pricking, like those caused by experimental polyspermy and other experimental effects upon normally fertilized eggs.
It may be well to mention here that both the haploid and the diploid numbers of chromosomes have beeh obtained by Oscar ), Paula Hertwig (1913 , 1916 , 1923 ), Gunther Hertwlg (1911 , 1918 , 2 and Gunther and 2 Gunther Hertwig, in 1924 (Trypaflavin als Radiumersatz zur Gewinnung haploidkerniger Froschlarven, Verhandlungen der anatomischen Gesellschaft, 33. Versamm. 1., 223, in Anat. Anz., 1924, lviii, Erg~insungsheft) obtains haploid frog larvae also by treating spermatozoa with trypaflavin which appears to have the same effect as radium. Paula Hertwig (1920) in pseudohybrid tadpoles obtained from crosses between several species of frogs and toads; and also from tadpoles obtained from the eggs of Triton and several of these species of frogs and toads inseminated with normal and foreign sperms which had been treated with radium rays or methylene blue. These haploid and diploid individuals developed parthenogenetically since only the egg nucleus took part in the development. They believe that the chromatin of the still motile sperms was rendered inactive by the radium rays or methylene blue. The chromatin of the untreated foreign sperms is thought to have been incompatible with some condition in the eggs. The haploid and diploid numbers have also been obtained from radiated eggs inseminated with untreated normal and foreign sperms. In these cases the egg nucleus was incapacitated and only the sperm nucleus took part in development. The haploid individuals were non-viable and most of them were deformed.
3: Viability of Haploid Individuals.--It is significant that most of Hovasse's haploid individuals were early embryos and that only 2 of about 20 of the older haploid embryos (4 to 15 days) are recorded as well formed, It may also be significant that the chromosome number in the 4 oldest and most successful tadpoles about to metamorphose was diploid in all cells. All of Loeb's adults and successfully raised tadpoles studied cytologically were also dip!oid and with no observed significant variation in number. These data and the Hertwigs' indicate that the haploid and aberrant chromosome numbers may be associated with non-viability of the older embryos.
Unsuccessful cleavage is caused, according to Herlant (1919 Herlant ( -20, 1918 , by interference of accessory asters. The latter are due to introduction of too many blood cells by the needle. Successful eggs are those which have only one accessory aster. But there are evidently other causes since Dr. Loeb claimed that no blood cells were introduced into the eggs he pricked. Herlant (1913) , Hovasse (1922, a and b) , and Loeb (1920-21) have noted that mortality is always very high during gastrulation, due to mechanical injuries and other disturbances caused by pricking. P. Hertwig (1920 and 1923) , Nachtsheim (1921), and Baltzer (1922) have discussed at length the viability of haploid individuals.
The Mechanism Producing the Diploid
Number.--The presence of the diploid number in Dr. Loeb's parthenogenetic material at once raises the question as to how it has been produced since the haploid number would be expected. The diploid condition has also created the suspicion that these individuals may have developed from accidentally fertilized eggs. This suspicion is unwarranted because there are a number of cases in both artificial and normal parthenogenesis in which the number is diploid (P. Hertwig (1920) ).
Since the frog egg normally gives off its first polar body in the upper part of the oviduct, and the second maturation division is in metaphase when the egg leaves the uterus, it is possible that the effect of the pricking is to cause the chromosomes of the second polar body to be retained within the egg. This occurs normally in Artemia (Brauer (1894) ) and in the artificial parthenogenesis of the starfish (O. Hertwig (1890), Buchner (1910--11) ) and of the eggs of Mactra, a lamellibranch (Kostanecki (1904 and ).
However, it is probable that this does not occur in parthenogenetic frog eggs because (1) Bataillon (1910-11), Herlant (1913 Herlant ( , 1918 , and Hovasse (1922, a and b) observe that the second polar body is given off from every egg pricked and does not return to the egg. Bataillon, Herlant, and G. and P. Hertwig believe that the diploid number is formed just before the first cleavage by monaster formation and a doubling of the chromosome number without a cytoplasmic division. But the variable number of chromosomes found in different parts of the same tadpole by Hovasse and by Levy leads them to the conclusion that the increase in chromosome number may not occur before the first cleavage in all eggs. Hovasse believes that the increase may occur at any time from very early cleavage up to the morula and blastula stages. Furthermore, the variation in number found in different parts of a tadpole may be explained by the possibility that the chromosomes of a given cell do not all duplicate themselves during the same mitosis. Levy (1920, b) discusses similar conditions. However, it is possible (page 7) that only individuals in which the number has become approximately diploid in most of the Cells, develop to a late stage. This would indicate that the diploid number, in individuals which become mature tadpoles, probably is formed before or very near the time of the first cleavage. (Parmenter (1919-20) ) there are some interesting considerations as to the mechanism by which both sexes may be produced. The mechanism should produce (1) the two sexes in approximately equal numbers (page 3) and (2) the same number of chromosomes (26) in both sexes.
The Mechanism Producing Both Sexes.--As stated
In considering the mechanism by which this may be accomplished, it should be recalled that the second maturation division usually takes place a few minutes after insemination (or pricking). The same number of chromosomes in both sexes suggests that there may be an XY (or ZZ) complex in one sex and XX (or WZ) in the other.
(a) Female Digametism. The two sexes with 26 chromosomes could be theoretically produced by assuming the female to be heterozygous. Then if the first maturation division were sometimes segregational and sometimes equational for W and Z, a retention of the chromosomes of the second polar body in the first case would produce 24-k2Z and 24-k2W chromosome groups, and in the second case a 24+W+Z group. The 2Z and \V+Z groups should produce males and females respectively; the TvV condition might be lethal. The actual absence (page 3) of the excess of females thus theoretically expected could be explained variously. However, the claim that the second polar body is given off in all of the pricked eggs, makes such chromosome behavior doubtful. The alternative mechanism, a duplication of the chromosomes after the extrusion of the second polar body, following a first maturation division either segregational or equational for W and Z, would produce 24+2~V and 24+2Z chromosome groups. This should produce males but no females. However, W+Z females could be produced after an equational first maturation division followed by a second maturation in which there is a non-disjunctional retention of the W and Z, and then by a doubling of only the autosomes. This is possible (but not prob- (b) Male Digametism. However, Witschi (1914 , b, 1922 , 1923 -24, 1923 ), Huxley (1920) , and Crew (1921) do not believe that the female is digametic. Witschi (1914 Witschi ( , 1922 considers both sexes of the undifferentiated race as monogametic, sex being finally determined by temperature effecting trophic conditions. In his last paper (1923) ~ he concludes from additional data (1) that the females of both races are monogametic, and (2) that not only the males of the differentiated race are digametic, but also the males of the undifferentiated race. However, the digametism of the male of the differentiated race accomplishes differentiation of the gonads into testes and ovaries in the young tadpole (length 22 ram.), while digametism of the undifferentiated race is not effective until 1 to 16 months after metamorphosis, unless it is assisted by other physiological factors such as overripeness of eggs or temperature.
Witschi bases the above conclusions upon (1) the F1 generation of Hertwig's (1912) crosses between the two races of Rana esculenta 8 Witschi (1923) , p. 295.
and (2) his own crosses between two hermaphrodites and normal frogs. Consideration of these data follows. The character used in the above crosses is the type of gonad present in the larva at about the normal time for metamorphosis. There are three types: (1) that of the differentiated race in which the testes and ovaries are clearly differentiated in the young tadpole (page 2); (2) that of the undifferentiated race in which the gonads are 100 per cent intermediates; and (3) the indifferent gonad which has not yet developed characteristics of either sex.
Hertwig's crosses, taken from Witschi's (1922) data, are here very briefly recapitulated and considered. There are several matings in each type of cross, e.g. "undifferentiated X differentiated." In all of these crosses he fertilized part of the eggs of each female with sperm of one or two males of 
Recapitulation of tterlwig's Crosses.
Parents.
3 undifferentiated ~. the same race but of different locality, and part of the eggs with sperm of one or two males of the other race. Conversely, the sperm of a given male was used to fertilize eggs of females of both races. This is offered (Witschi (1922)) as a partial compensation for the absence of an F2 generation. The number of parents used in each cross is indicated in the following table by the numbers preceding the name of the race, e.g. "3 undifferentiated." The numbers in parentheses are used for reference in discussion.
These data, on the whole, seem to indicate that the male is digametic, because when the F1 individuals of one sex in reciprocal crosses are alike, and those of the other sex are different it is probable that the latter sex is digametic. Thus, in the reciprocal crosses ( (2), (3), and (4)) the females for the most part appear alike, i.e. as indifferents, at this stage of development (the tadpole near metamorphosis (?)) while the males, on the whole, appear different, e.g. in (2) as indifferents and in (3), (4), and (5) as males. But there are some evident exceptions which do not coordinate well with this scheme for determining which sex is digametic, e.g. the 7 cV in (2), 102 indifferents in (4) which probably would have become males later, and the 50 ~ in (5). These are differences in time of final differentiation of sex, and according to Witschi are expressions of relative differences of c~ and ~ potencies which vary in individual parents from different localities. To explain these data he employs Goldschmidt's scheme of the sex-determining mechanism which is briefly considered below (page 13).
Although these data represent a temporary larval condition and do not, therefore, inspire complete confidence, nevertheless they express a definite difference in reciprocal crosses which is valid for genetic interpretation. However, it is conceivable but not probable that these differences, although constant for each type of cross, may not be due to genes but to so called incompatibility of protoplasm. Sturtevant (1920) , for example, finds this in reciprocal crosses between Drosophila simulans and Drosophila melanogaster. The females are alike so far as chromosomes are concerned, but the F1 females are seldom obtained from one cross while in the other cross they are usually viable. The difference he believes is in the cytoplasm of the egg.
The results of Witschi's study of the adult hermaphrodites 1923) , are briefly as follows: He found two hermaphroditic adults among 500 R. temporaria collected at Freiburg. Both possessed well developed eggs and functional sperm, but the eggs of only one individual could be fertilized.
The F1 generation resulting from the hermaphrodite selfed and reciprocally crossed to normal frogs of the differentiated race (1-3) are compared with Correns' crosses between Bryonia alba (hermaphroditic) and Bryonia dioica (dicecious) (4-6). Crosses (1-3) are essentially a duplicate of Hertwig's crosses and present the same evidence for male digametism if the hermaphrodites are considered as having the constitution of the undifferentiated race to which they belong. Witschi 1923) cites Correns' crosses (4-6) as parallel to his own and therefore supporting male digametism. He considered the dioica male to be digametic. The parallelism, however, does not appear to be complete in (1). He explains (1923) that since these frog hermaphrodites are genetic females of the undifferentiated race, 100 per cent females should at first be expected; these females are expected to transform into hermaphrodites later (as one already has) since the latter in the frog are protogynous. According to Witschi (1923-24) his interpretation is accepted by G. and P. Hertwig (1922) .
However, whether the male or the female frog is digametic, Hertwig's and Witschi's genetic data are not easily explairfed by the usual sex-linked factor scheme. Consequently Witschi has adopted Goldschmidt's formula of FFMM for the female and FfMM for the male of the differentiated race, and FFMM for both sexes of the undifferentiated race in which he considers both sexes almost equipotent.
In this scheme FF represents the factors of the sex chromosomes for femaleness, and MM represent the factors of the chromosomes for maleness, presumably on the autosomes or elsewhere. (Morgan, Sturtevant, and Bridges (1922) ). 4 He has ingeniously worked out and assigned to F and M arbitrary potencies representing relative values. In a given individual an excess of F produces a female and an excess of M produces a male, but the excess is not effective below a given "epistatic minimum." In the differentiated race the excess is above this minimum, and accomplishes early differentiation in the larva; in the undifferentiated race this excess is below the minimum and differentiation of sexes is delayed and finally (Witschi, 1922) brought about by temperature affecting trophic conditions in individuals. The difference of potencies between F and M varies not only in the two races but also in different strains of the same race from different localities. These differences of potency between F and M form a graduated series ranging from relatively large in the nlost differentiated race to practically zero ill the undifferentiated race. Witschi (1922) interprets them as a series of aUelomorphs. By different combinations of these valuations he explains the various crosses above. These values when applied upon the basis of female digametism do not explain the 4Morgan, Sturtevant, and Bridges (1922), p. 128. crosses but it has been suggested that possibly a satisfactory series of values could be worked out for female digametism.
The absence of an F2 generation (practically impossible to obtain) and the possible effects of incompatibility of protoplasm in crosses (page 12) which may be responsible for some of the results, prevent entire confidence in the conclusion that the male is digametic. However, there seems to be considerable support forit. Witschi's explanation also seems to receive support by Bridges ' (1921, 1922) triploid intersexes which indicate that there is a balance of potencies in Drosophila comparable to that in Goldschmidt's moths. Huxley (1920) supportsmale digametism in the frog on the following basis. He observes quite wide variations in the sex ratios of the Million Fish, Girardinus. Each of these variations may persist for several months. The succession of variations of these ratios is explained with the aid of mathematical formulm by assuming that the XY chromosomes of males are overridden by some external influence, s thus producing XY females. This case and several others, e.g. Lillie's free-martins, are the basis for his suggestion that the excess of males obtained from overripe eggs by Hertwig (1912 and and several of his students, is due to a similar cause. Thus, individuals having an XX constitution become male instead of female. Crew (1921) obtained 100 per cent (774) true females of Rana temporaria from a single mating. The presence of a small mass of pigment and apparently degenerating ova in the testes of the father indicated that they had transformed from ovaries. The mother was normal. He explains the absence of males by assuming that this father had a female chromosome constitution. When mated to a normal female it produced nothing but females. Female heterozygosity does not explain it.
The probability of a differential mortality was eliminated by 50 per cent males and 50 per cent females in 1,582 controls from four matings. All of the daughters of the eight matings were true females and were not destined to differentiate later into half of each sex because frogs of each mating were killed in groups bimonthly during a year and showed no histological evidence of indirect development. Witschi (1923-24) believes that this condition is due to an hereditary vs. external influence.
(c) Cytological Observations. Cytological observations (Levy (1915) , Swingle (1917), and Witschi (1922) ) 6 have been very difficult and inconclusive. Witschi, who has presented the most recent observations, studied the maturation divisions in both sexes of the differentiated race in which an XY pair of chromosomes might be more easily distinguished than in the undifferentiated race. In the primary spermatocyte he observed a chromosome which he suggested might be an XY pair. It is 1 of 5 large tetrads and appears to be composed of unequal parts united loosely by delicate strands. It divides equ~/tionally in the first maturation division but could not be followed satisfactorily through the second division. In frogs from another locality these two elements are approximately equal in size. He suggests that there may be a graduated series of differences in size of these elements in frogs of different localities. He describes and represents in figures and photomicrographs an XY chromosome as dividing equationally before the autosomes in the first maturation division. The size difference between the X and the Y component is very distinct. In the second maturation division the X and Y components separate and pass to oppositepoles somewhat later than the autosomes. The size difference in this division is not so great but is still distinct. He counts the expected number of chromosomes in several hundred mitoses. Since he does not describe their behavior during the prophase of the first maturation division he apparently cannot recognize them there. He is unable to demonstrate the above graduated series of size differences between the X and the Y chromosomes corresponding to the graduated series of differences between male and female sex potencies of races in different localities. Although there is no evidence that these chromosomes are not an X and Y, as Witschi believes, the evidence is not entirely conclusive. There is still a possibility that these chromosomes may be a pair of heteromorphic autosomes. If this is true the homologues in some individuals would be expected to be equal in size. To remove this uncertainty there is needed, in addition to his several hundred counts of the correct number of chromosomes, a demonstration of the uniformity of this inequality in the males, and a uniformity of the requisite complementary condition in females. It would be difficult to fulfill all of these requirements.
cation of Goldschmidt's formulae in explaining these data indicates that there is a quantitative series of values of male and female potencies ranging from approximate equality to a considerable difference. These differences in potencies seem to be correlated not only with the two races but also with frogs of the same race but of different localities. However, these data are insufficient to constitute conclusive evidence; but they do make digametism in the male very probable.
If the female is monogametic how are the two sexes produced in parthenogenetic frogs and tadpoles? All of the. eggs at the time of pricking would have 1 X dyad, and the diploid individuals would contain 2 X monads, the female constitution. Males then could be produced only by the effect of some influence in addition to that of the sex chromosomes. High temperature (27°C.) according to Witschi (1922 Witschi ( , 1923 Witschi ( -24, 1923 , produces an excess of males in the differentiated race. But Loeb's tadpoles were raised with a uniform temperature of 18-20°C. This influence may have been overripeness, various amounts of which seem to produce corresponding degrees of excess of males in both races of frogs. These eggs may have become as much as 40 hours overripe in females shipped from Chicago. Overripeness seems to be the only explanation available unless the female is digametic.
6. The Interpretation of Swingle and of Witschi.--At this point the relation which the controversy between Swingle and Witschi has to the sex-determining mechanism should be considered. It concerns only the undifferentiated race. Swingle (1920, 1921, 1922) claims that the gonad of the larva of this race is not hermaphroditic. Instead, he believes that the peripheral portion of the gonad of the larva and young frog which surrounds the testis proper (i.e. the sex cords containing spermatogonia) is not an ovary as Witschi believes, but is a Bidder's organ; and therefore, that this is an embryological condition which concerns the morphology of the gonad and not its sex. This condition, regardless of what it actually is, seems, in Hertwig's crosses, to be sexlinked. Therefore, it is not important, in considering whether the male or female is digametic for sex, whether the periphery of the larval gonad is considered a Bidder's organ or an ovarial structure. Moreover, this condition is temporary, and finally is replaced by more dearly differentiated males and females in equal numbers. The sexdetermining mechanism of such an individual should not be expected to be essentially different from that in the "differentiated" race and other animals.
SUMMARY.
1. This paper presents cytological observations upon Dr. Loeb's parthenogenetic frog material, with considerations upon the mechanism by which the diploid number and both sexes may be produced.
2. Both sexes of adults and tadpoles are present. 3. The chromosome number is diploid and probably 26 in both sexes. Sex chromosomes cannot be distinguished.
4. The chromosome numbers observed by other authors in parthenogenetic frog material are haploid, diploid, and variable. Their significance is considered.
5. The mechanism producing the diploid number, based on European observations, appears to be a doubling of the haploid number at some time after the second polar body is given off.
6. Overripeness may be a factor in producing both sexes of parthenogenetic frogs and tadpoles.
7. Genetic data indicate that the normal male is digametic and that there are differences of potency between male and female factors for sex which vary in frogs of the two races and in strains within the race. These differences have been interpreted by Witschi as forming a series of multiple allelomorphs.
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EXPLANATION OF PLATES.
Observations were made with the aid of a Zeiss 2 ram. apochromatic objective N. A. 1.30, and a Spencer "20X" compensating ocular. × about 2630. In reproduction both plates were reduced ~ giving a magnification in Plate 1 of about 2190 and in Plate 2 as indicated. The photographs of Plate 2 were made from sections strongly destained for chromosome differentiation. 
